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The Impact of Digitization
Problem: the traditional paper fails to disclose sufficient details to allow others 
to regenerate the precise numerical results published. Crisis!
Opportunity: technology also means more (all?) steps taken in producing the 
computational results can be “trivially” recorded.
Implication: A higher standard for reproducible computational research including:
➡ “automatic” replication of findings from the initial data and authors’ code,
➡ “exact” replications,
➡ other technological innovations: e.g. platforms for facilitating regeneration 
of results by others, maybe not even experts; tracking re-use directly; ???
Disclosure
How far do we go?
Assertion: The central motivation must be the recognition that error can 
creep in at any point and the goal is to minimize the error in published results.
➡ peer review (transparency, openness),
➡ a competent scientist in the field can regenerate the result, without help 
from the original authors,
➡ feedback for corrections to the scholarly record,
➡ mechanisms for ascribing credit for contributions of scientific knowledge.
Numerical Reproducibility vs 
Algorithmic Details
Questions: 
• minimum level of disclosure? is it the fully specified algorithm and inputs 
(pseudocode)? more? code used / easily executable code used?




In Opus Tertium (1267) Roger Bacon distinguishes experimental science by:
1. verification of conclusions by direct experiment,
2. discovery of truths unreachable by other approaches,
3. investigation of the secrets of nature, opening us to a 
knowledge of past and future.
‣ described a repeating cycle of observation, hypothesis, experimentation, 
and the need for independent verification,
‣ recorded his experiments (e.g. the nature and cause of the rainbow) in 
enough detail to permit reproducibility by others.
Inductive Scientific Reasoning
In Novum Organum (1620) Francis Bacon proposes:
1. the gathering of facts, by observation or experimentation,
2. verification of general principles.
“There are and can be only two ways of searching into and discovering truth. 
The one flies from the senses and particulars to the most general axioms, and 
from these principles, the truth of which it takes for settled and immoveable. ... 
The other derives axioms from the senses and particulars, rising by a gradual and 
unbroken ascent, so that it arrives at the most general axioms last of all. This is 
the true way, but as yet untried.”
The Scientific Record
‣ The Royal Society of London founded in 1660 
(the “Invisible College”),
‣ members discussed Francis Bacon’s“new science” 
from 1645,
‣ Society correspondence reviewed by the first
Secretary, Henry Oldenburg,
‣ Oldenburg became the founder, editor, author, 
and publisher of Philosophical Transactions, launched
in 1665.
Boyle and Reproducibility
‣ The “Invisible College” included Robert Boyle,
the “father of chemistry,”
‣ Boyle introduced standards for scientific
communication: enough information must be 
included to allow others to independently 
reproduce the finding.
‣ Delineates science, concept of reproducibility 
permits verification and knowledge transfer,
‣ Knowledge in the method not in the finding itself.
Francis Bacon, cont
Only 2 types of scientific investigation?
 
‣ Complex simulations of complete physical systems?
‣ Engineering, verification of claims by use / tool 
transparency?
‣ Mathematical “proof” by grid search?
‣ Data driven research vs hypothesis driven research?
‣ “File-drawer” problem?
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Updating the Scientific Method
• Donoho and others argue that computation presents only 
a potential third branch of the scientific method:
• Branch 1  (deductive): mathematics, formal logic,
• Branch 2  (empirical): statistical analysis of controlled 
experiments,
• Branch 3? (computational): large scale simulations / data 
driven computational science.
The Ubiquity of Error
• The central motivation for the scientific method is to root out error:
- Deductive branch: the well-defined concept of the proof, 
- Empirical branch: the machinery of hypothesis testing, structured 
communication of methods and protocols.
• Computational science as practiced today does not generate reliable 
knowledge. “breezy demos”
• See e.g. Ioannidis, “Why Most Published Research Findings are False,” PLoS 
Med, 2005.
Ideal Dissemination
• Factors and Requirements:
1.deductive science: proof / complete reasoning (no change),
2.empirical science: complete description of methods, including data 
collection protocols; digital data, code to replicate findings (update).
3.algorithms: complete specification, including parameter settings 
(pseudocode with inputs), and/or code/data that regenerates results (new),
4.engineering: physical inspection of device, usage to backsolve construction 
(crossover to software?).
• Review of code/data/algorithms: when?
Ideal Attributes of Tools
‣ Ability to verify computational results, with minimal burden to both 
the researcher and reviewer,
‣ easy sharing of data and code (tracking of experiments, workflow, 
provenance),
‣ easy re-use of data and code (download, licensing, executing).
‣ Incentives for code and data release through:
‣ citation mechanisms,
‣ supporting journal policies.
Emergent  Tools
• Dissemination Platforms:




Galaxy GenePattern Paper Mâché
Sumatra Taverna Pegasus
Verifiable Computational Research Sweave











• “RunMyCode.Org: A Novel Dissemination and Collaboration Platform for 
Executing Published Computational Results,”with C. Hurlin and C. Perignon, 
IEEE eScience eSoN workshop, Sept 2012.
• Reproducible Research, Guest editor for Computing in Science and 
Engineering, July/August 2012.
• “Enabling Reproducible Research: Open Licensing for Scientific Innovation”
• Reproducible Research: Tools and Strategies for Scientific Computing, July 2011
• available at http://www.stodden.net
Journal Policy
Experimental Setup
• Sample selection, computational research:
•  Select all journals from ISI classifications “Statistics & Probability,” 
“Mathematical & Computational Biology,” and “Multidisciplinary 
Sciences” (this includes Science and Nature).
•  Delete all journals that have ceased publication (5),
•  N = 170.
• Create dataset with ISI information (impact factor, citations, publisher) and 
supplement with publication policies as listed on journal websites, in June 
2011 and June 2012.
Data Sharing Policy
2011 2012 Change
Required as condition of publication, barring exceptions 18 19 1
Required but may not affect editorial decisions 3 10 7
Explicitly encouraged/addressed, may be reviewed and/or hosted 35 30 -5
Implied 0 5 5
No mention 114 106 -8
Code Sharing Policy
2011 2012 Change
Required as condition of publication, barring exceptions 6 6 0
Required but may not affect editorial decisions 6 6 0
Explicitly encouraged/addressed, may be reviewed and/or hosted 17 21 4
Implied 0 3 3
No mention 141 134 -7
Supplemental Materials Policy
2011 2012 Change
Required as condition of publication, barring exceptions 8 6 -2
Required but may not affect editorial decisions 7 10 3
Explicitly encouraged/addressed, may be reviewed and/or hosted 86 93 7
Implied 4 3 -1
No mention 64 58 -7
Findings
•  Changemakers are journals with high impact factors.
•  Progressive policies are not widespread, but being adopted rapidly.
•  Close relationship between the existence of a supplemental materials 
policy and a data policy.
•  Data and supplemental material policies appear to lead software policy.
